Bioassay-guided fractionation of a methanol extract of the brown alga, Dictyopteris undulata, led to the isolation of a novel sesquiterpene hydroquinone named zonarenone, together with seven known sesquiterpene hydroquinones, zonarol, isozonarol, yahazunol, zonaroic acid, chromazonarol, isochromazonarol, and 2-(3,7,11trimethyl-2,6,10-dodecatrienyl)hydroquinone. The structure of zonarenone was elucidated on the basis of spectroscopic information. The isolated compounds, excepting zonaroic acid, showed moderate to high cell lysis activity against the red tide microalgal species, Heterosigma akashiwo and Heterocapsa circularisquama, at a concentration of 1 g/mL.
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sesquiterpene hydroquinone Seaweeds (Macroalgae) have been shown to produce allelopathic substances toxic to the microalgae responsible for red tide, and a number of studies have been aimed at the development of a novel environmentally benign method to control harmful algal blooms (HAB) by utilizing seaweeds. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In our previous study, 12) we screened eleven seaweeds collected from the coastal region of Nagasaki prefecture in Japan, involving seven Phaeophyta and four Rhodophyta, for their lysis activity toward the red tide microalgal species, Heterosigma akashiwo, and found that methanol extracts of the brown algae, Ishige sinicola and Dictyopteris undulata, had high activity. The active principles of I. sinicola have been reported to be -monoglycerides of arachidonic acid, octadeca-6Z,9Z,12Z,15Z-tetraenoic acid, linoleic acid and oleic acid, and 1-O-palmitoyl-3-O-(6-sulfo--Dquinovopyranosyl)-sn-glycerol (PSQG). 11) We report here the isolation, structural elucidation, and microalgal cell lysis activity of the algicidal principles of D. undulata.
Chromatographic separation 13) of a methanol extract of the whole body of D. undulata by monitoring the cell lysis activity against H. akashiwo led to the isolation of one novel compound named zonareone (1), 14) along with seven known sesquiterpene hydroquinones, zonarol (2), 15) isozonarol (3), 15) yahazunol (4), 16) zonaroic acid (5), 17) chromazonarol (6), 18) isochromazonarol (7) 18) and 2-(3,7,11-trimethyl-2,6,10-dodecatrienyl)hydroquinone (2-geranylhydroquinone, 8) 19) as the algicidal principles.
Zonarenone (1) gave a molecular formula of C 21 H 28 O 3 as determined by HRFABMS ([M] þ m=z 328.2040, calcd 328.2038), requiring eight degrees of unsaturation. The IR spectrum showed a strong band at 1642 cm À1 , indicative of an ,-unsaturated ketone, and a broad hydroxyl band at 3348 cm À1 . Its 1 H-NMR spectrum was similar to those of sesquiterpene hydroquinones 3 and 4, involving a set of 1,2,4-trisubstituted benzene ring proton signals at H 6.71 (d, J ¼ 8:5 Hz), 6.52 (dd, J ¼ 8:5, 3.0 Hz) and 6.43 (d, J ¼ 3:0 Hz), two D 2 O exchangeable singlets at H 7.85 and 7.60 and four methyl singlets at H 0.92, 0.96, 1.18 and 1.66 ( Table 1 ), suggesting that compound 1 belonged to this class of compound. The presence of the 2,4-dihydrozybenzyl moiety was also apparent from its EI mass spectrum, which showed a fragment ion at m=z 204 corresponding These spectroscopic data enabled the planer structure of 1 to be determined as shown in Fig. 1 . The other HMBC correlations shown in Table 1 were in full agreement with the proposed structure of 1. Although the stereochemistry was not determined by spectroscopic methods, the co-occurrence of 1 with sesquiterpene hydroquinones 2-7 suggested that compound 1, having the optical rotation ½ D 20 À52:7 (c ¼ 0.1, CHCl 3 ), had the same 5R,10Rconfiguration. The algicidal activity 2,6) of the isolated compounds was assessed against the four representative red tide microalgal species, Heterosigma akashiwo (raphidophyte), Chattonella marina (raphidophyte), Chattonella antiqua (raphidophyte) and Heterocapsa circularisquama (dinoflagellate) at a concentration of 1 mg/mL ( Table 2 ). -Linolenic acid, an algicidal principle of Ulva fasciata, was also tested for comparison in the same assay. All the bicyclic compounds (1, 2, 3, 4, 6 and 7), excepting zonaroic acid (5), showed a high level of algicidal activity against H. akashiwo and H. circularisquama, among which yahazunol (4) had the highest activity. Yahazunol also showed high activity against C. marina, while the other bicyclic terpenoids were mostly inactive. Open-chain compound 9 had a similar activity profile to -linolenic acid. This might have been due to their structural resemblance, having a polyunsaturated fatty chain and a polar moiety at the one end of the molecule.
